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We compared three radioligands for use in a cytoplasmic estrogen-receptor assay, using pooled cytosol from human breast adenocarcinomas. The estrogen receptor content was determined in vitro by a dextran-coated charcoal method involving a 4-h 
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During the past decade, there has been a tremendous increase in the use of estrogen-receptor (ER) analyses as an indicator of prognosis and treatment in patients with breast cancer (1) (2) (3) (4) . Tritiated estradiol has been used almost exclusively for this purpose, although synthetic estrogens have been developed to decrease the nonreceptor (i.e., nonspecific) binding present with estradiol (5) .
Recently, a radioiodinated derivative of estradiol was synthesized to take advantage of the easier radioactivitycounting methods that are available for gamma-emitting radionuclides (6 (Figure 1) . We analyzed the results by three graphical procedures and two linear-regression methods for determining the ER concentration.
MaterIals and Methods

Binding Assay
Tissues from 10 ER-positive human breast adenocarcinomas were used in this study. After initial ER determination the remaining tissue was kept at -80 #{176}C for two weeks according to the practice of Raynaud et al. (7) . Then the pooled tissues were pulverized and homogenized at 4 #{176}C. The homogenate was ultracentrifuged (200 000 X g, 1 h) and the supernatant cytosol was again pooled. The cytosol was apportioned into glass vials and stored at -80 #{176}C after its protein content was determined (8) .
The dextran-coated charcoal (DCC) method used to determine the ER content of the pooled human breast carcinoma cytosol is a modification of the procedure of Lippman and Huff (9) working solution(0.1mmol/L) was prepared by diluting this stock DES solution100-foldwith ethanol.
Triplicate 1.5-mL plastic centrifuge tubes were prepared for each concentration of radioligand, with and without 100-fold excess of DES, by sequential dilution with the buffer in a six-point assay for each of two radioligands per day. To 100 1zL of radiobigand was added 100 iL of cytosol. The contents of the tubes were vortex-mixed and incubated for 4 h at 0#{176}C. Then 1 mL of the working suspension of DCC was added, and the tubes were incubated for 10 min at 0#{176}C. The charcoal was then settled out by centrifugation in a Microfuge B (Beckman Instruments, Inc., Brea, CA 92621) for 2.5 mm at >5000 X g. An 0.8-mL aliquot of the supernate was pipetted into counting vials, and the beta emission of [3H]E2 and [3Hjmoxestrol was measured in 10 mL of counting fluor in a counter (LS-255; Beckman Instruments).
For ['25IJE2, we counted an 0.8-mL aliquot of the supernate in a Model 1195 gamma counter (Searle Analytic Inc., Des Plaines, IL 60018) with dual analyzers, one monitoring both the 35 keV gamma ray and the 27 keV x-rays and the other monitoring the higher-energy coincidence peak according to the method of Eldridge and Crowther (10) .
Data Analysis
Conditions for the binding assay are such that the interaction of radioligand with receptor can be described by the simple binding isotherm:
where H0 is the receptor concentration, Kd is the equilibrium dissociation constant, and F the free radioligand concentration. F is calculated according to: F = L0 -B, where L0 is the initial radioligand concentration, and B is the concentration bound specifically to receptor.
Unweighted linear regressions were performed on three linear transformations of equation 1. The first is described by Scatchard (11) :
as presented in Figure 2a , where the Hoand Kd values are obtained from the x-intercept and the negative reciprocal of the slope of the line, respectively. The second is the doublereciprocal plot:
(presented in Figure 2b ) from which the Hoand Kd valuesare obtained from the respectivereciprocalsof the y -and x -axis intercepts. The lastmethod isthat of Woolf (12):
(presented in Figure 2c ) from which the Ho is obtained from the reciprocalof the slope and Kd is calculated from the yintercept by using the R0 obtained from the slope.
We examined two methods of linear regression for the three different linear transformations: the least-squares method and "robust" analysis. For the least-squares analysis, the data were reduced by using the hardwired program in a Model 1860 statistical calculator (Monroe Systems for Business, Morris
Plains, NJ 07950). The "robust" analysis for the above plotting methods has been described extensively (13) (14) (15) . The primary philosophical difference between least squares and "robust" analysis is simple. In least squares, the distribution of data is assumed to be normal, i.e., 66% of the values are within ±1 standard deviation, with no skewing, while "robust" makes no assumption concerning the distribution of biological data.
The techniques for determining binding parameters are, however, quite different. In "robust" analysis, the primary assumption is that the chance of observing a positive deviation from the theoretical value is the same as that for observing a negative deviation. Thus the median value for a parameter is used, not the mean. In the case of plotting techniques, the best estimates of Ro and Kd are obtained by examining the values of the slope for all possible lines connecting pairs of data points, of which there are (n/2)'(n -1) pairs. Thus, for six data points, 15 
Theoretical Data
Theoretical data were generated according to equation 5:
where BT is the total ligand bound to specific receptor and nonreceptor proteins, the concentration of nonreceptor protein is J0, and the affinity of the radioligand for J0 is K3. We assumed an equilibrium dissociation constant, K1, of iO mol/L and a concentration of 2 X i0 molfL. For the specific receptor we assumed Kd = 2.5 X 1O_0 mol/L (best estimate of Kd from [3H]E2 data) and examined binding curves generated with Ho = 20,40,60,80, and 100 nmol of specific protein per liter. The data are plotted by the method of Scatchard (11) . We then estimated the parameters from the Scatchard plots, using least-squares linear regression.
Results and DIscussIon
Instead of using an overnight incubation of radioligand Moxestrol is a synthetic estrogen that has no appreciable affinity to human sex-hormone binding globulin (5, 18) . This characteristic eliminates the previously mentioned problem of estradiol binding with this binding globulin. However, moxestrol demonstrated serious deficiencies in our 4-h incubation. As mentioned by Bouton and Raynaud (19) , the relative binding affinity of moxestrol is much lower than estradiol for all temperatures and incubation intervals examined. The same authors showed the relative binding affinity of moxestrol (0 #{176}C) at 2 h and 24 h to be 11 and 18, respectively, whereas the relative binding affinity for estradiol was 100 under the same conditions. Therefore, moxestrol would not be expected to come to equilibrium during the 4-h incubation. Our results on using [3H]moxestrol do not appear in Table 1 because of the variability and high nonspecific binding obtained under nonequilibrium conditions. Instead of using radioligands with low nonreceptor binding, such as [3H]moxestrol, several investigators approach the problem of nonspecific binding by using DES as a nonlabeled displacer because DES does not bind to sex-hormone binding globulin (20) . Therefore, the difference between total counts bound and counts bound in the presence of DES represents binding to ER.
An iodinated derivative of estradiol has been developed (6), to exploit the higher efficiency and easier counting techniques of gamma-emitting radioligands in ER determinations. Although [12511E2did allow more efficient counting, the receptor concentrations obtained were considerably higher than those obtained with [3H]E2 (Table 1) : 52.2 and 30.8 pmol/g, respectively. The average value of Kd for ['25I]E2 is 3.6 X 10b0 mol/L. These ER concentrations were calculated by using the Scatchard plot and unweighted least-squares regression analysis. Because the Scatchard plot has B in both the x and y axis (B (8, Ific) vs B(5p5cific)/F, respectively), there is no independent variable. This characteristic may lead to errors in estimating ER content because least-squares analysis assumes an independent variable. Therefore, we also used doublereciprocal and Woolf plots to calculate the binding parameters ( Figure 2 ). Table 1 shows the results of the unweighted least-squares 
Least-squares
analysis is sensitive to data points with large amounts of scatter, because it minimizes the sum of the deviation of the squares of the calculated value of bound minus the observed value. However, in "robust" analysis the median slope of the plots is used to determine the optimum value of parameters. Thus, single outlying data points that markedly deviate from normal scatter do not contribute significantly to the optimum values of Ho and Kd. For example, Figure 3 presents a Scatchard analysis of a [3H]E2 binding study in which the data point with the highest amount bound deviates considerably from the linearity expected from a Scatchard plot. The least-squares curve fit (dashed line) results in a Ho that differs considerably from that obtained by the "robust" curve fit. Therefore, data points from the three plotting methods were also subjected to unweighted "robust" analysis. These results are also summarized in Table 1 .
Similar to the results we obtained by using least-squares analysis, the Hovalues for [1251]E2are greater than for [3H1E2 despite "robust" analysis. Although several binding curves exhibit outlying points, these outliers were random, showing both positive and negative deviations from values obtained by least-squares analysis. As a result, the average Ho values obtained from "robust" analysis do not differ significantly from those obtained from least squares. However, the percentage differences of the Ho values between [3HJE2 and [12511E2 are less using "robust" than least-squares analysis: 22-48% for "robust" vs 50-69% for least squares. ating theoretical curves, using a two-component binding isotherm (Figure 4) , where the specific receptor (Ho) content accounts for 20,40,60,80, and 100 pmol/L, respectively, and a second nonreceptor (J0) component has been added, which provides an intercept on the x -axis (RT) of the Scatchard plot 8 pmolfL greater than that which would be obtained with receptor alone, i.e., RT = Ho+ J0 (see Materials and Meth. ods). It is difficult to distinguish more than one component from these curves, even though they contain no experimental scatter. Thus, a second, nonreceptor component that is displaced by DES will lead to a nonzero intercept such as in equation 6 . We show this in the inset of With respect to equation 6, the intercept is not zero and the slope is not equal to unity. (10) , in which the relationship between the coincidence emissions and the single emissions is used to determine the counting efficiency. This method allows determination of the absolute disintegration rate regardless of the geometry or the attenuation of the low-energy x-rays and gamma rays by the sample matrix. However, this technique requires accurate and stable calibration of the gamma counting in order to separate the "single peak" and the coincidence counts. The standard automatic gamma counter is not equipped with a multichannel analyzer. Therefore, undetected gain shifts, which may result for a number of reasons, can cause the higher coefficients of variation observed with 125J The use of a wide window with an accurate un1 standard would eliminate the sensitivity to gain shifts and give results comparable to those obtained with 3H. However, differences in counting geometry and attenuation of the low-energy x-rays could still present problems. A 129! standard is not useful as a iss1 substitute for this purpose because of the differences in energy and number of the x-rays emitted from 125! and I (23) . The use of complicates the choice of the lower level discriminator.
In addition, the usual I standard is imbedded in an acrylic rod, for which the absorption coefficient differs from that of water. It appears that for relative counting (such as in most radioimmunoassay procedures) 1251 has real advantages. But in absolute counting such as required in this procedure the advantages are less clear. The Eldridge and Crowther technique must be used with 125! to determine overall counting efficiency, whereas the external standard technique can be used for 3H. The latter technique involves fewer uncertainties.
In summary, larger receptor concentrations obtained by using [12511E2and [3H}E2 such as we found could be due to a combination of (a) an underestimation of the specific activity or counting efficiency of [1251]E2 relative to [3H]E2, and (b) an unrecognized nonreceptor second component that is in low concentration and is DES displaceable. The exact natuse of this second component is unclear.
